We measured optical reflectance, Raman spectra, magnetic susceptibility, and electron paramagnetic resonance for the molecular conductor (IEDT)[Pd(dmit) 2 ]. The excitation from the bonding molecular orbital to the antibonding orbital in the Pd(dmit) 2 dimer causes a striking peak in the optical spectra around 11000 cm À1 . By analyzing the spectral intensity for this peak, we determined the degree of the charge transfer from the IEDT molecule to the Pd(dmit) 2 molecule. A gap structure appears below 2000 cm À1 in the reflectance spectra below 100 K. The magnetic susceptibility decreases around 100 K. These phenomena suggest a reduction in the density of states. The electron paramagnetic resonance measurement reveals that the g b Ã -value decreases around 80 K. This is due to a reduction in the paramagnetic contribution of the Pd(dmit) 2 layer. The Ag modes of the Pd(dmit) 2 molecule become infrared-active below 100 K as a result of the broken symmetry in the Pd(dmit) 2 layer. We propose that the resistance anomaly around 80 K originates from the charge density wave formation within the Pd(dmit) 2 layer.
Introduction
A lot of interesting physical phenomena characteristic of the low-dimensional electron system have been discovered in molecular conductors such as the charge density wave, spin density wave and its associated quantum Hall effect, spin-Peierls transition, angle-dependent magnetoresistance effect due to Fermi surface topology, and so on. 1) In the molecular conductors, the charge transfer provides openshell orbitals in the molecules. The overlap between these molecular orbitals causes the metallic state in the Bloch picture. Most previous researches has been concerned with the molecular conductors that consist of molecules with open-shell orbitals and counterions with closed-shell orbitals.
If the difference in the electronegativity between the donors and the acceptors is comparatively small, the charge transfer from the donors to the acceptors occurs incompletely. As a result, both the donors and the acceptors have open-shell orbitals, and form the different conducting layers individually. This donor-acceptor-type conductor provides a unique electronic structure, since the different ground states can coexist in the donor layers and the acceptor layers independently. Most of the one-dimensional donor-acceptor-type conductors undergo the density wave state at lower temperatures as a result of the nesting of the planar Fermi surfaces in both the donor chains and the acceptor chains. 2) With regard to the quasi-two-dimensional conductors, there have been several reports on the donor-acceptor-type conductors. [3] [4] [5] [6] [7] [8] In a report on (EDT-TTF)[Ni(dmit) 2 ], Tajima et al. pointed out the possibility that the superconducting state and the density wave state coexist in the different molecular layers at low temperatures. 6) In these donoracceptor-type conductors, one can expect interesting physical phenomena caused by the interaction between the ground states in the donor layers and the acceptor layers, and the charge transfer between these layers.
The title compound (IEDT)[Pd(dmit) 2 ] is a quasi-twodimensional donor-acceptor-type conductor. 9, 10) Here IEDT and dmit denote iodo(ethylenedithio)tetrathiafulvalene and 1,3-dithiole-2-thione-4,5-dithiolato, respectively. shows the structural formula of the IEDT molecule and the Pd(dmit) 2 molecule. In the title compound, the two-dimensional conduction layers consist of the IEDT cation layers and the Pd(dmit) 2 anion layers, as shown in Fig. 1 . These conducting layers stack alternately along the b Ã axis. It is reasonable to assume that the charge transfer between these molecules occurs incompletely, and that both the IEDT molecules and the Pd(dmit) 2 molecules have the open-shell orbitals.
The resistance of (IEDT)[Pd(dmit) 2 ] shows a metallic behavior down to 4 K. A shoulder-type anomaly appears in the resistance around 80 K. 10) In this paper, we refer to this anomaly as the ''80 K transition''. A superlattice was also observed below 80 K.
11) It is unclear whether this superlattice is associated with the electronic phase transition, and whether the superlattice exists in the IEDT layer or the Pd(dmit) 2 layer. If one assumes that this superlattice is caused by the charge density wave, the nesting vector should be given by the observed superlattice. The calculations of the Fermi surfaces suggest a charge transfer of $ 0:25 or 0.75. Here, one assumes that the calculated Fermi surface has a Peierls instability under the nesting vector given by the observed superlattice. The value denotes the degree of the charge transfer defined by [IEDT] þ [Pd(dmit) 2 ] À . In order to investigate the electronic state of (IEDT)[Pd(dmit) 2 ], it is necessary to estimate the charge transfer , and to clarify the correlation between the superlattice and the electronic state experimentally.
In this paper, we report the optical and magnetic measurement of the molecular conductor (IEDT)[Pd(dmit) 2 ]. In §3, we show the striking peak resulting from the strong dimerization in the reflectance spectra at room temperature. We calculate the transition intensity between the bonding orbital and the antibonding orbital in the dimerized molecules, and estimate the charge transfer from the transition intensity.
In §4, we discuss the origin of the 80 K transition. The gap structure of the optical spectra and the decrease of the magnetic susceptibility suggest a reduction in the density of states. The g-shift of the electron spin resonance reveals a reduction in the Pauli paramagnetic contribution of the Pd(dmit) 2 layer. The infrared-active Ag modes of the Pd(dmit) 2 molecule suggest a structural deformation in the Pd(dmit) 2 layer. We calculate the Fermi surfaces on the basis of the charge transfer obtained in §3. The Fermi surface in the Pd(dmit) 2 layer has Peierls instability against the nesting vector, which is consistent with the reported superlattice. As the origin of the 80 K transition, we propose that a charge density wave is formed within the Pd(dmit) 2 layer.
Experimental
Single crystals of (IEDT)[Pd(dmit) 2 ] were prepared by the electrochemical method.
10) The typical shape of the crystals is a black plate parallel to the ac plane. The crystal axes were determined by x-ray diffraction. The crystal system is triclinic, and the space group is P1, a N) þ in the latter on the basis of Pascal's law. We measured the electron spin resonance using the Bruker X-band EMX EPR spectrometer equipped with an Oxford continuous-flow cryostat.
Estimation of Charge Transfer
3.1 Mid-infrared peak in the reflectance spectra Figure 2 shows the reflectance and the conductivity spectra of (IEDT)[Pd(dmit) 2 ] at room temperature. The reflectance spectra show a Drude-like behavior below 5000 cm À1 for the light polarized along the a axis and along the c 0 axis. The c 0 axis is defined as the direction perpendicular to the a axis and the b Ã axis. The conductivity spectra were obtained by use of the Kramers-Kronig transformation. We estimated the plasma frequency ! p ¼ 8100 cm À1 for the light polarized along the a axis, and ! p ¼ 5200 cm À1 for the light polarized along the c 0 axis.
12)
Let us focus on the striking peak structure around 11000 cm À1 in Fig. 2(a) . This peak was observed only for the light polarized along the a axis. We estimated the intensity of the conductivity peak at $1:4 AE 0:05 Â 10 8 (cm À2 ) by applying the Drude-Lorentz fit to the observed spectra.
13)
We discuss the origin of this absorption band around 11000 cm À1 . This band is strongly polarized along the a axis. The lowest intramolecular excitation is expected to be polarized along the molecular long axis. The a axis is almost perpendicular to the molecular long axis for the IEDT molecule and the Pd(dmit) 2 molecule. 10) Thus, the possibility of intramolecular excitation within the IEDT molecule and the Pd(dmit) 2 molecule is denied. 14, 15) In order to examine the possibility of charge transfer excitation, we calculated the overlap integrals of the molecular orbitals, as shown in Fig. 1 .
10) In the IEDT layer [ Fig. 1(a) ], the overlap integral S P1 is much larger than the others. The IEDT molecules are dimerized nearly along the a axis. In the Pd(dmit) 2 layer [ Fig. 1(b) ], the overlap integral S Q2 is much larger than the others. The Pd(dmit) 2 molecules are also dimerized strongly nearly along the a axis.
The strong dimerization of the molecules divides the energy level of the molecular orbital into that of the bonding orbital and that of the antibonding orbital. According to the previous report, the excitation between these energy levels causes a peak in the mid-infrared region. 14) Figure 3 (a) illustrates schematically the energy levels of the orbitals of the dimerized molecules and the intradimer excitation. In this figure, for the sake of simplicity, we took into account only the largest overlap integrals. Here HOMOþ (LUMOþ) and HOMOÀ (LUMOÀ) denote the bonding orbital and the antibonding orbital originating from the HOMO (the LUMO), respectively. One can expect the intradimer excitation of HOMOþ ! HOMOÀ and LUMOþ ! LUMOÀ.
We compare the observed peak position with the position expected from the molecular orbital calculations. The peak due to the intradimer excitation should appear approximately in the spectral range around h " ! ¼ 2t (t: transfer integral within the dimer). Here we assumed that the transfer integral t is proportional to the overlap integral of the molecular orbitals S; that is, t ¼ Â S and $ À10 eV.
15)
In the IEDT layer, the intradimer overlap integral S P1 ¼ À14:69 Â 10 À3 of the HOMO gives an estimation of the excitation energy,
). This estimated energy is inconsistent with the observed peak position ($11000 cm À1 ). Thus, the possibility of intradimer excitation in the IEDT layer was ruled out.
In the Pd(dmit) 2 layer, the overlap integrals within the Table I . The illustration schematically shows the occupation of electrons and the interband transition in the Pd(dmit) 2 dimer in the cases of ¼ 0 and 1. dimer are described as S Q2ðHOMO{HOMOÞ ¼ À47:41 Â 10 À3 and S Q2ðLUMO{LUMOÞ ¼ 43:12 Â 10 À3 . These integrals give the estimate of the excitation energy, h " ! HOMOþ!HOMOÀ ¼ 0:95 eV (7700 cm À1 ) and h " ! LUMOþ!LUMOÀ ¼ 0:86 eV (7000 cm À1 ). This estimate is roughly consistent with the observed peak position ($11000 cm À1 ). Thus, the observed peak at 11000 cm À1 is ascribed to these intradimer excitations in the Pd(dmit) 2 layer.
The HOMOþ and the LUMOþ (the HOMOÀ and the LUMOÀ) are symmetrical (antisymmetrical) with respect to the plane in the middle of the Pd(dmit) 2 dimer for a perfect face-to-face dimeric mode. For the light polarized parallel (perpendicular) to the direction of the dimerization, the excitation of HOMOþ ! HOMOÀ and LUMOþ ! LUMOÀ have a large (small) intensity. This anisotropy is consistent with our experimental results.
Inversion of energy levels of HOMOÀ and LUMOþ
No splitting of the peak was observed in the spectra. Thus, it is reasonable to consider that the respective peaks due to LUMOþ ! LUMOÀ and HOMOþ ! HOMOÀ both exist around 11000 cm À1 . The center position of the observed peak deviates from the position expected, based on the overlap integrals within the dimer, h " ! ¼ j2Sj ¼ 7000{ 7700 cm À1 . In order to reproduce theoretically the peak position obtained by the experiments, we employed the modified intradimer transfer integrals, t Q2ðHOMO{HOMOÞ ¼ 0:59 eV and t Q2ðLUMO{LUMOÞ ¼ À0:53 eV, instead of the values of 0.4741 eV and À0:4312 eV given by t ¼ Â S, respectively. Table I lists these modified transfer integrals.
The HOMO-LUMO gap ÁE was estimated to be 0.88 eV according to the previous report.
14) This HOMO-LUMO gap is smaller than the dimerization energies, j2t Q2ðHOMO{HOMOÞ j (1.18 eV) and j2t Q2ðLUMO{LUMOÞ j (1.06 eV). As shown in Fig.  3 (a 0 ), the energy level of the HOMOÀ becomes higher than that of the LUMOþ. As a result, the HOMOÀ becomes an open-shell orbital. Not only the excitation of LUMOþ ! LUMOÀ but also that of HOMOþ ! HOMOÀ occurs. 14)
Charge transfer estimated from transition intensity
Next, we will discuss the relation between the peak intensity and the charge transfer from the IEDT molecules to the Pd(dmit) 2 molecules. In order to calculate the intensity of the interband transition, one may employ the dimer model.
16) In this model, only the intradimer transfer integrals are taken into account. Figure 3(b) shows the calculated intensity in the intradimer excitation (HOMOþ ! HOMOÀ and LUMOþ ! LUMOÀ) in the Pd(dmit) 2 layer for the light polarized along the a axis. The dashed line denotes the result given by the dimer model.
17) The peak intensity decreases with increasing the charge transfer. We also calculated the transition intensity, taking into account not only the intradimer transfer integrals but also the interdimer transfer integrals. This result is shown by the solid curve in the figure. 18) This calculation is based on all of the transfer integrals listed in Table I , and the HOMO-LUMO gap ÁE ¼ 0:88 eV.
In the case of ¼ 0, the HOMOÀ level is unoccupied. The excitation of HOMOþ ! HOMOÀ and that of LUMOþ ! LUMOÀ contribute to the peak intensity. When the charge transfer increases, the occupation of electrons in the HOMOÀ level increases. This reduces the transition intensity of the excitation of HOMOþ ! HOMOÀ. As a result, the total intensity of the peak decreases. In the case of ¼ 1 (the complete charge transfer), only the excitation of LUMOþ ! LUMOÀ occurs. The total intensity in the case of ¼ 0 is about twice as large as that of ¼ 1.
We estimated the intensity of the conductivity peak at $1:4 AE 0:05 Â 10 8 (cm À2 ) in Fig. 2(b) . 18) This calculation is based on all of the transfer integrals listed in Table I and the HOMO-LUMO gap ÁE ¼ 0:88 eV. Here we use the relaxation rates of interband ¼ 0:13 eV and intraband ¼ 0:07 eV (the Pd(dmit) 2 layer) and intraband ¼ 0:12 eV (the IEDT layer). The overall feature of the conductivity peak around 11000 cm À1 is in rather good agreement with the experimental results shown in Fig. 2(b) .
In the above discussion, we neglected the excitation HOMOþ ! LUMOþ, HOMOþ ! LUMOÀ, LUMOþ ! HOMOÀ, and HOMOÀ ! LUMOÀ, since these intensities are several orders of magnitude smaller than those of HOMOþ ! HOMOÀ and LUMOþ ! LUMOÀ. The calculated intensities of the excitation of HOMOþ ! LUMOþ, HOMOþ ! LUMOÀ, LUMOþ ! HOMOÀ, and HOMOÀ ! LUMOÀ are $0 Â 10 5 , 7 Â 10 5 , 9 Â 10 5 , and 2 Â 10 5 cm À2 for the light polarized along the a axis, respectively.
Origin of the 80 K Transition

Optical gap and infrared-active Ag mode
Figure 4(a) shows the temperature dependence of the conductivity spectra. A remarkable change can be seen in the spectra below 100 K. With lowering the temperature, the conductivity decreases in the spectral range below 1500 cm À1 , as indicated by the arrow in Fig. 4(a) . This reduction suggests that a gap opens below 100 K. We roughly estimated the energy due to the formation of the charge density wave at $1500 cm À1 (0.18 eV). As indicated by the broken arrows in Fig. 4(a) , the intramolecular vibration modes appear at 936 cm À1 and 1078 cm À1 below 100 K. The intensities of these modes increase with lowering the temperature. Figure 5 (a) shows the Raman spectra of (IEDT)-[Pd(dmit) 2 ] for the incident light polarized along the a axis (b Ã ða; a þ c 0 Þb Ã ) and along the c 0 axis (b Ã ðc 0 ; a þ c 0 Þb Ã ) at room temperature. We found the peaks at 936 cm À1 , 1078 cm À1 , and 1349 cm À1 . These peaks, which cannot be observed in the Raman spectra of the IEDT molecule, as shown in Fig. 5(b) , correspond to the Ag modes originating from the C-S, C=S, and C=C bond stretching of the Pd(dmit) 2 molecule, respectively. 20) The frequencies of the intramolecular modes (936 cm À1 and 1078 cm À1 ) in the reflectance spectra [ Fig. 4(a) ] are close to those of the Ag modes of the Pd(dmit) 2 molecule [ Fig. 5(a) ]. Thus, these intramolecular modes in the reflectance spectra are ascribed to the Ag modes of the Pd(dmit) 2 molecule.
These Ag modes are hardly observed in the reflectance spectra at room temperature. The intensities of these Ag modes grow below 100 K. According to the X-ray measurement, the intensity of the superlattice also increases below 80 K.
11) Thus, it is reasonable to consider that the phase oscillations of the charge density wave enhance the intensities of the Ag modes in the reflectance spectra. 19) 4.2 Reduction of the Pauli paramagnetic contribution of the Pd(dmit) 2 layer Figure 6 shows the temperature dependence of the magnetic susceptibility. Here we subtracted the diamagnetic core contribution. 21) The susceptibility is almost independent of the temperature above 100 K. This susceptibility is ascribed to the Pauli paramagnetism characteristic of the metallic state. The magnetic susceptibility decreases below 100 K, as shown by the arrow. This decrease of the susceptibility suggests a reduction of the density of states at the Fermi level. The Curie tail appears below 50 K. We estimated the Curie constant C $ 2 Â 10 À3 (emu/formula unit K). This value corresponds to the concentration of $0.5% free moment (S ¼ 1=2) per formula unit.
In order to investigate the paramagnetic contribution of the carriers in the Pd(dmit) 2 layer and the IEDT layer, we measured the electron spin resonance of the title compound below 100 K. The inset of Fig. 7(a) shows an example of the resonance curve. The resonance curve at 30 K can be fitted by a single Lorentz function. If the dynamics of the carrier transfer between the donor layers and the acceptor layers is sufficiently fast to average the different molecular environment that the carriers feel, the g-factor should have a single value, which is an intermediate value between the g-value of the donor and that of the acceptor. 22) It is reasonable to consider that the interaction between the IEDT layers and the Pd(dmit) 2 layers gives a single g-value.
Figure 7(a) shows the magnetic-field-angle dependence of the g-value at 30 K for the fields within the ab Ã plane and the b Ã c 0 plane. The solid curves are guides for the eye. The angle is defined as the polar angle of the magnetic-field direction measured from the b Ã axis. When one rotates the field within the ab Ã plane, the g-value reaches a maximum (g $ 2:019) at $ À17 and a minimum (g $ 1:998) at $ 73 . The angle of the maximal g-value is close to those of the molecular long axis of the Pd(dmit) 2 molecule ( $ À28:2 ) and the IEDT molecule ( $ À17:8
). When one rotates the field within the b Ã c 0 plane, the g-value reaches a maximum (g $ 2:035) for the field parallel to the c 0 axis. The molecular short axes of the IEDT molecule and the Pd(dmit) 2 molecule are directed along the direction nearly parallel to the c 0 axis. Thus, the anisotropy of the g-value reflects the molecular configuration. Figure 7(b) shows the temperature dependence of the gvalue. Here we applied the static magnetic field along the a axis, the b Ã axis, and the c 0 axis. The g a -value is almost independent of the temperature. The g c 0 -value gradually increases with lowering the temperature. It should be noted that the g b Ã -value decreases around 80 K. This temperature region coincides with that of the anomaly remarked in Figs. 4 and 6. Nakamura et al. reported a large g-value (g $ 2:030) for the field along the molecular long axis in Pd(dmit) 2 compounds. 23) We measured the g-value g $ 2:011 of the IEDT molecule in (IEDT) 2 Ag(CN) 2 .
9) In Fig. 7(b) , the obtained value g bÃ ¼ 2:017{2:025 is an intermediate value between the g-factor of the Pd(dmit) 2 molecule and that of the IEDT molecule. This is consistent with the theory of the g-value average resulting from the interaction between the donors and acceptors. 22) The g b Ã -value decreases around 80 K and approaches the g-value of the IEDT molecule. This shift suggests the reduction of the Pauli paramagnetic contribution of the Pd(dmit) 2 layer at lower temperatures.
Discussion
In this section, we discuss the origin of the 80 K transition. The reflectance spectra and the magnetic susceptibility suggest a reduction in the density of states. The g-shift suggests a reduction in the density of states in the Pd(dmit) 2 layer. The infrared-active Ag modes of the Pd(dmit) 2 molecule also suggest a charge density wave in the Pd(dmit) 2 layer. On the basis of our experimental results, we conclude that the charge density wave in the Pd(dmit) 2 layer reduces the density of states in the Pd(dmit) 2 layer. It was reported that the superlattice exists below 80 K.
11) This superlattice is observed in the same temperature region as the phenomena mentioned above. Thus, it is reasonable to consider that the charge density wave is formed in the Pd(dmit) 2 layer.
In order to clarify the nature of the charge density wave, we calculated the Fermi surfaces on the basis of the tight binding model, as shown in Fig. 8 . Here we used the estimated charge transfer of ¼ 0:3. The cylindrical Fermi surface in the IEDT layer comes from the HOMO band. The Fermi surface in the Pd(dmit) 2 layer originates from the HOMOÀ band. Its shape appears rhombus-like. The arrow in the figure denotes the nesting wave vector q ¼ 0:
This vector is in agreement with the superlattice observed in the x-ray We applied the magnetic field along the a axis, the b Ã axis, and the c 0 axis.
measurement.
11) The disappearance of the nested part of the Fermi surface causes the reduction in the density of states in the Pd(dmit) 2 layer. In the IEDT layer, it is difficult to nest the Fermi surface by the wave vector q.
The infrared-active Ag modes of the Pd(dmit) 2 molecule also suggest a charge density wave in the Pd(dmit) 2 layer, based on the fact that the phase oscillations of the charge density wave make the Ag modes of the Pd(dmit) 2 molecule infrared-active. 16, 19) In Fig. 4(b) , we plotted the temperature dependence of the conductivity intensity due to the C-S stretching Ag mode (936 cm À1 ). This temperature dependence is reminiscent of the BCS-type gap. We can observe the growth of the charge density wave by monitoring the intensity of the C-S stretching Ag mode.
In electron spin resonance, the g b Ã -value decreases around 80 K. This g-shift suggests a reduction of the paramagnetic contribution of the Pd(dmit) 2 molecule. This would be consistent with the charge density wave state in the Pd(dmit) 2 layer.
The g b Ã -value observed at 30 K (g $ 2:018) is larger than the g-value for the molecular long axis of the IEDT molecule in (IEDT)Ag(CN) 2 (g $ 2:011). This may suggest that the paramagnetic contribution of the Pd(dmit) 2 remains at lower temperatures, as a result of the partial nesting of the Fermi surface in the Pd(dmit) 2 layer, as discussed in Fig. 8 .
For the magnetic field parallel to the c 0 axis, the g-factor has a large value. 23 ) At the present stage, the origin of the large g c 0 -value is unclear. One possible origin of the large g c 0 -value is the novel interaction between the donors and the acceptors; that is, the IÁ Á ÁS contact between the IEDT molecule and the Pd(dmit) 2 molecule. The g-value, g i ¼ g e ð¼ 2:0023Þ þ Ág i can be calculated by use of Ág i $ jhnjL i joij 2 =ðE n À E o Þ. Here , n, and o denote the spin-orbit coupling constant, the excited state, and the ground state, respectively. 24) In the title compound, the HOMO band of the IEDT layer and the HOMOÀ band of the Pd(dmit) 2 layer are partially filled. The excitation energy between these bands (E n À E o ) is rather small. The value jhnjL i joij is dominated by the interlayer overlap (the product) between the IEDT molecular orbital and the Pd(dmit) 2 molecular orbital. When one applies the field along the c 0 axis, the operator L c 0 elongates the interlayer component of theorbital of the iodine atom of the IEDT molecule or the sulfur atom of the Pd(dmit) 2 molecule. This may increase the interlayer overlap, and the value of jhnjL c 0 joij. To clarify this point would require a systematic investigation of the electron paramagnetic resonance in other donor-acceptortype conductors.
Conclusion
We measured the reflectance spectra, the Raman spectra, the magnetic susceptibility, and the electron paramagnetic resonance in the molecular conductor (IEDT)[Pd(dmit) 2 ]. In the reflectance measurement, we found a striking peak around 11000 cm À1 . This peak is due to the strong dimerization of the Pd(dmit) 2 molecules. The peak intensity enables an estimation of the charge transfer ( $ 0:3) from the IEDT molecule to the Pd(dmit) 2 molecule.
In the SQUID measurement, we found a decrease of the Pauli paramagnetism below 100 K. The reflectance measurement revealed a reduction in the conductivity below 1500 cm À1 at low temperatures. These phenomena suggest that the density of states decreases owing to the formation of the charge density wave. We found a g b Ã -shift of the electron paramagnetic resonance around 80 K. This g-shift suggests a reduction in the paramagnetic contribution of the Pd(dmit) 2 layer. The C-S and C=S stretching Ag modes of the Pd(dmit) 2 molecule become infrared active below 100 K as a result of the charge density wave in the Pd(dmit) 2 layer. We calculated the Fermi surfaces on the basis of the estimated charge transfer. The Fermi surface in the Pd(dmit) 2 layer has Peierls instability under the wave vector of the reported superlattice. We proposed the charge density wave state within the Pd(dmit) 2 layer as the origin of the 80 K transition. 
j þ i j !Þ, R ¼ jðj j 0:5 À 1Þ= ðj j 0:5 þ 1Þj to the reflectance shown in Fig. 2(a) , we estimated the intensity of the interband transition around 11000 cm À1 , I ¼ R j 0 ð!Þd!, Im½ j 0 ¼ j 0 ð!Þ= o !. Here j denotes the index of the jth component of the Lorentz function. The index j 0 corresponds to that of the peak around 11000 cm À1 . , R, ! p , and denote the dielectric function, the reflectance, plasma frequency, and the relaxation rate, respectively. 14) H. Tajima, T. Naito, M. Tamura, A. Kobayashi no þ i!Þ. o and n denote the ground state and the nth excited state, respectively. , , P , and ! on are the total volume of the crystal, the relaxation rate, the -component of the diploar operator, and the difference in the energy level between the ground state and the nth excited state, respectively.
15)
